Summary. The 
INTRODUCTION
Although the occurrence of high embryo mortality rates in ewes subjected to continuous heat stress during the first 2 or 3 weeks after mating is now well documented, little is known of the mechanism (s) by which this mortality occurs. It has been suggested that hormonal imbalances involving the adrenal cortex, corpus luteum (cl) and thyroid gland may be involved in this response and the present work was undertaken to explore these suggestions by means of hormone therapy and histological techniques.
MATERIALS AND METHODS
The data presented are derived from six experiments conducted on Merino ewes during either the first 14 or 20 days of pregnancy. The experiments were of similar basic design and factors which differed between them are summarized in (Thwaites, 1968a (Thwaites, , b, 1969 (Thwaites, 1967b) (Cloete, 1939) . cl, adrenal and thyroid samples were processed histologically after fixation for at least 4 months. Sections were cut at 5 µ and stained with haematoxylin and eosin. In one section from each cl, the distribution of lutein cell types (Foley & Greenstein, 1958) was estimated at a magnification of 500 by classify¬ ing and counting twenty-five lutein cells in each of twenty randomly selected fields. The relative number of lutein cells in each cl was estimated in the same sections by differentially counting 500 nuclei in randomly selected fields.
As an index of adrenocortical activity, the widths (Exp. 4) and areas (Exp. 2) of the zona glomerulosa and of the combined fasciculata and reticularis zones were estimated at a magnification of 28. The mean number of thyroid follicles per unit area (Ryle, 1963a) (Moore & Rowson, 1959) . The progesterone dose rate in Exps. 2 and 3 was increased to 15 mg/ewe/ day because of the possibility that high temperature might increase the progesterone requirement for pregnancy maintenance.
An aqueous solution of thyroxine sodium triturate, equivalent to 0-1 mg L-thyroxine/0-2 ml solution, was prepared daily for subcutaneous injection. The dose rate of 0-1 mg thyroxine/ewe/day was based on reports which indicate that the normal thyroxine secretion rate approaches this level (Henneman, Reineke & Griffin, 1955; Griffin, Henneman & Reineke, 1962; Brooks, Pipes & Ross, 1962) , and that exogenous thyroxine depresses endogenous secretion of the hormone (Pipes & Turner, 1956) .
While the aim of cortisol therapy was to raise plasma cortisol levels to the upper end of the physiological range, few data were available upon which an appropriate dose rate could be based. Plasma cortisol levels in the ewe have been reported to lie in the range 0-5 to 1-5 /ig/100 ml (Bassett, 1963; Saba, 1964; Lindner, 1964; Ferguson, Wallace & Lindner, 1965) Vaughan, 1965) . Although the depressing effects of exogenous cortisol on the endogenous production of the hormone and the rapid clearance of cortisol from plasma (Holm & Firch, 1956 ) made calculation of a precise dose rate impossible, the above reports indicate that a cortisol dose rate of 60 mg/ewe/day would raise plasma levels by two-to three-fold. Cortisol was prepared as a 60 mg/ml saline suspension.
RESULTS
Details of the rectal temperatures and respiratory rates of ewes in Exps. 1 to 5 have been presented elsewhere (Thwaites, 1968a (Thwaites, , b, 1969 (Table 4) and, for embryo weight, this reduction approached significance. Table 3 total numbers of corpora lutea, normal and abnormal embryos possessed by ewes in the various experimental
GROUPS
Exp. Groups 90-1+ 9-4 to 171-2+ 9-2 409-9 ± 9-4 to 328-8 ± 9-2 In the absence of significant treatment effects (Table 6 ), thyroid weight in the ewes of Exp. 5 averaged 2-46 + 0-26 g. The mean number of thyroid follicles Table 5 CORPUS LUTEUM WEIGHTS AND DIAMETERS (mEAN + S.E.)
Exp.
Groups (Table 7) , even though rectal temperatures were raised by 2 to 3°F. In Exp. 2, there was an interaction between fleece length and progesterone therapy (P<0-05) and in Exp. 4, the adrenals of 1^-year-old ewes were lighter than those of older ewes (P< 0-001), even though their bodyweights were similar. Hot-room exposure had no significant effects on the adrenocortical zone indices. In Exp. 4, the width of the combined fasciculata (Tables 8 and 9 ). (Moor & Rowson, 1964 Edey, 1967) and, on Day 15, such cl could be expected to be decreasing in size (Restall, 1964; Hutchinson & Robertson, 1966 (Thwaites, 1967a) . The fact that the latter finding parallels the sharp drop in plasma progesterone level which occurs on Days 16 and 17 of the cycle (Edgar, 1954; Edgar & Ronaldson, 1958; Short, 1964) lends support to the conclusion that luteal function was not depressed in heated ewes and, by inference, that cl failure cannot be implicated in the embryo mortality experienced by them. Further support for this conclusion is provided by the fact that, in no case, did progesterone therapy enhance embryo survival. The only significant effect of exogenous progesterone on reproductive performance was in Exp. 1, in which more progesterone-treated than control ewes possessed embryonic remains at autopsy. This effect is presumably an indication of delayed embryo death and could be interpreted as an ameliorating influence of progesterone. There were, however, only five ewes in each group and the fact that the progesteronetreated ewes had lower body temperatures than controls may be sufficient to explain the former's slightly better reproductive performance (Thwaites, 1968c (Day 19) and, in any case, the hot-room conditions did not result in any significant increase in embryo mortality. Likewise, the failure of the hot-room conditions employed by Bolt & Spies (1964) to affect embryo survival in heated ewes prevents conclusions being drawn from their ovariectomy and progesterone replacement therapy technique.
The failure of high temperature to affect cl function is in agreement with results obtained by Ryle (1963b) under less stressful conditions and with the observation (Dutt, Ellington & Carlton, 1959; Dutt, 1963; Thwaites, 1967b) that oestrous cycle length is not reduced by hot-room exposure. Similar doses of progesterone are required for oestrus suppression (Lamond & Lambourne, 1961) and pregnancy maintenance (Moore & Rowson, 1959) (Macfarlane et al., 1957) , it may be that in this species pro¬ gesterone exerts a non-specific effect through some other pathway. Rodents also differ from sheep in that most heat-induced résorptions occur after, rather than before, implantation.
As variations in the height of the sheep's thyroid epithelial cells parallel those in its thyroxine secretion rate under changing temperature conditions (Hoersch, Henderson, Reineke & Henneman, 1961) Brooks et al., 1962) . Thyroxine therapy did not influence embryo survival under either control or hot-room conditions (Table 5) , even though the dose rate used was equivalent to the normal daily output of the gland and was, judging by a slight increase (0-3°F; P<0-05) in the rectal temperature of control ewes, metabolically active. This finding is in accord with the report that thyroxine implants did not alleviate heat-induced failure to lamb in ewes kept under either natural or hot-room conditions (Shelton, 1965) . The difference between the current results and those of Ryle (1961) There is general agreement (Falconer, 1963 (Falconer, , 1965 Brooks, Ross & Turner, 1964) Selye (1946) has termed the 'general adaptation syndrome'. One phase of this syndrome is an increase in the secretory activity of the adrenal cortex. Since acth and cortisone are known to depress embryo survival in mice (Robson & Sharaf, 1951 , 1952 , rats (Seifter, Christian & Ehrich, 1951; Meunier, Duluc & Mayer, 1955; Velardo, 1957b) and rabbits (Courrier & Cologne, 1951; Robson & Sharaf, 1951 ;  Lee & Ring, 1956 ) and deciduoma formation in rats (Hisaw & Velardo, 1951 and mice (Velardo, 1957a) , adrenocortical hyperactivity arises as a possible cause of embryo death in heat stressed females. This possibility has been confirmed in the rat (Macfarlane et al., 1957; Fernandez-Cano, 1958) and the existence of a similar mechanism in sheep has been suggested (Dutt, 1963; Howarth & Hawk, 1968) . Although adrenocorticoid assays were not possible in these experiments, the small differences in adrenal morphology and histology between heated and unheated ewes are a strong indication that cortisol secretion was not greatly affected by heat stress. This result is in accord with previous reports (Robinson & Morris, 1960; Ryle, 1962) which indicate that high temperature does not stimulate glucocorticoid secretion in sheep.
From Table 3 , it is obvious that cortisol treatment for the first 20 days of pregnancy was without effect on embryo survival. Reference to Table 4 shows, however, that embryos of cortisol-treated ewes were shorter and lighter than those from controls and that these differences approached significance. These results suggest that larger doses of cortisol, although perhaps unphysiological, might significantly depress embryo growth rate and even lead to embryo death, a possibility supported by the recent work of Howarth & Hawk ( 1968) . From a consideration of the above evidence, it is concluded that heat stress is unlikely to lead to excessive cortisol secretion in sheep and that, within the physiological range, high plasma cortisol levels are unlikely markedly to affect embryo survival.
The current results appear to exclude endocrine functions of the cl, thyroid and adrenal cortex as mechanisms of embryo mortality in heat stressed ewes.
